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Accuracy of the measurements ?

announced :  2.10-4              +/- 2e-4 or +/-1e-4 ?

accuracy on strains : 

white beam mode : deviatoric :  on  b/a, c/a, a, b, g

monochromatic mode : lattice expansion :  on Da/a

accuracy on orientation : 2e-4 radian on the 3 Euler angles
(orientation / camera reference frame)
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Laue pattern

Energy
(keV)

distance between spots
Da (q1,q2)
=> strain tensor,
deviatoric part,
b/a, c/a, a, b, g 
(fixed geometry)
OR
=> geometrical parameters
calibration
dd, xcen , ycen, xbet, xgam
(fixed strain = 0)

position of the spots
q , c (q1, q2, q3, q4 )
=> unit cell orientation
3 Euler angles (approx.)

color = spot energy
=> lattice expansion

Da/a

+ orientation (accurate)
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Restricting hypotheses : "ideal" case
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WHITE beam
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A few definitions
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Diffraction geometry
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Calibration of the experimental geometry
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Laue => calibration + orientation
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Strain and orientation

at fixed calibration

case of a strained grain
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Strain in "crystal" reference frame
ex : cubic
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Sample reference frame x y z
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Strain in "sample" frame
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Laue => strain + orientation
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Description of small orientation variations
for a strained unit cell
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Measurements : practical implementation
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Stages :  (1) white beam, fluo + microscope 


���������
	�������

��

��� ����������

 

� �
�����������
���


���
��
���6�
������6�����
��
<�*'''-

=<�
!"�"=��� �
��������� 8������

��

��� ����������

 

� �
��������
��� �������������
����������
 ��
���


���
��
�� ��������
��  8������

=� ���
��������
!�"�� ��������� ������
���������� 6���#��6�������
��6��
���
��6����


��



19O. Robach

Stages : (2) White beam, Laue
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Questions
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How to evaluate the incertitudes ?
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Calculation of 4-peaks solutions (white beam)
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Statistics on quadruplets
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Histograms
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Results : summary then details
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Results : Summary
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Estimate the available amount of information
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strain : variation of incertitudes 
from one component to the other

x
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z
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zz

xy xz

yz
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Strain : comparison with XMAS
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Strain : "absolute" incertitudes
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Strains :  twins, ex : Cu
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Orientations : variation between components
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Calibration : variation between parameters
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Propagation of errors
D(calibration) => D(strain)

����
��'��5 d(xbet) 0.3 mrad

d(dd)  20 mu 
d(ycen) 30 mu

d(dd)  20 mu 
d(ycen) 40 mu

xx

yy

zz
d(dd) 10 mu
d(xbet) 0.3 mrad
d(ycen) 50 mu

d(xgam) 0.4 mrad

xy

d(xbet) 0.2 mrad
d(ycen) 20 mu
d(dd) 15 mu

yz

xz
d(xcen) 10 mu
d(xgam) 0.2 mrad

d(calib) almost perfectly compensated by d(strain)
pixdev : 0.23 => 0.25   
strong coupling between calibration and strain
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Monochromatic beam

next time ...
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Results :  details
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number of good quadruplets : example

6�������6��� 
�� ������
�� 
���������
 ����

���

�
!�� �
�

 ���	
L �
��
L# *	
L ?''>4����>-
*�
�*	
L-�?�/>)-
���������
�� 

� ����� �
�
�������
 ��� ���#� �?����� �� ����
� ����

��
�
�
������ ��� ��� �
�	
L ��������"�
�� �
�
�
��

��� 
 �
� 
��������

�?����#����� �
 ����

	��	������� �
�
�
��

��� 
�
��

������ �� ���#�
���
 
�
��������#�



40O. Robach

Tests on W
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Strains
Statistics on quadruplets
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Deviations on strain

xx xy xz

deps = 6.0

260

yz

zz

yy

Standard deviation :
+/- 5e-4  eps xx, yy, zz, xy
+/- 1e-3  eps xz, yz

epsij * 1000
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Strains

Analysis of a multi-twins Laue pattern

of polycrystalline copper
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2 microns wide Cu line on Si(001) 
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Test of presence of twin of the first grain :
number of newly indexed peaks
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Presence of twins of the main grain : intensity
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Indexed and missing peaks
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Indexed monotwin peaks
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Effect of removal of multi-twin peaks
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Orientation

Statistics on quadruplets
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Deviation on orientation parameters
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Deviation on orientation parameters
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Deviation on orientation parameters
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Orientations : variation between components
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Fit of calibration

Ge(111) single crystal

Statistics on quadruplets
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Calibration (4-peaks fit) - Ge(111)

dd xcen ycen

xbet xgam

Ge : 10 most intense peaks among 68 (62 quads)
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with another fitting method - (smaller errfunc)
(still problems with local minima)

dd xcen ycen

xbet xgam

Calibration (4-peaks fit) - Ge(111)
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Calibration : variation between parameters
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Calibration - approx. calculation "3+(1)" peaks

next time ...
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Strain

Average results
from the 100 "best" quadruplets

(with smallest pixdev)
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select
100 quadruplets

of smallest
pixdev

deps = 2.0

standard deviation :
+/- 1e-4  eps xx, yy, zz, xy
+/- 2-3e-4  eps xz, yz

Warning : deviation of distribution 
depends on restrictions on quadruplets 
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Propagation : 

calibration error

=> strain error ?
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D(calibration) => D(strain)

ex : 1 quadruplet, variation of ycen by 80 microns

pixdev

eps ij

pixdev : 0.23 => 0.25
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D(calibration) => D(strain)

500 quadruplets
of smallest pixdev
vary dd 
by 10 microns 

-0.1

-0.07

0.000.00

deps = 0.1
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D(calibration) => D(strain)
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Propagation of errors
D(calibration) => D(strain)

����
��'��5 d(xbet) 0.3 mrad

d(dd)  20 mu 
d(ycen) 30 mu

d(dd)  20 mu 
d(ycen) 40 mu

xx

yy

zz
d(dd) 10 mu
d(xbet) 0.3 mrad
d(ycen) 50 mu

d(xgam) 0.4 mrad

xy

d(xbet) 0.2 mrad
d(ycen) 20 mu
d(dd) 15 mu

yz

xz
d(xcen) 10 mu
d(xgam) 0.2 mrad

d(calib) almost perfectly compensated by d(strain)
pixdev : 0.23 => 0.25   
strong coupling between calibration and strain
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Detection of known strain increments
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Experiments on tungsten
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Expected strain
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sxx=100 MPa => dL/L = 2.4e-4 
eeeedev.xx = 2.1e-4, eeeedev.yy = 1.0e-4 
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Detection of d(strain) between 5 and 100 MPa ?

RGB : hkl along z
blue : 111
red : 001
green  :110

5 MPa

1070
images

50x50
mu

100 MPa

orientation map

5371 pts, 2164 grains5250 pts, 2023 grains
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5 MPa

1070
images

50x50
mu

100 MPa

orientation map200 MPa

RGB : hkl along z
blue : 111
red : 001
green  :110
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CosAngRed entre 0.8 et 1

(001) // z

(011) // z

(111) // z
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grain (347+514) - 5 MPa
grain (427+586) - 100 MPa

=> repositionning OK
compare 2 images with the same number
in the two maps (5 and 100 MPa) grain close to (001)

Detection of d(strain) between 5 and 100 MPa ?
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5 MPa

100 MPa

100 MPa

mosaic
most intense peak

G427 im 284 5 MPa

part 4 p 6
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intra-grain
variations
of epsilon 
at 5 MPa
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point-by-point variations of epsilon between 5 and 100 MPa

xx (0.2) 
0.02 to 0.49

yy (-0.1)
-0.36 to 0

zz (-0.1)
-0.28 to 0.2

xy, xz, yz (0.0)
yz
-0.34 to 0.62
xz
-0.48 to  0.42
xy
-0.21 to 0.12

d(eps)
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Tensile curves
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Detection of a known strain increment
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Detection of a known strain increment
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Grain tracking between loading stages
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Repositionning
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Detection of d(strain) between 5 and 100 MPa ?

example on another grain
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Repositionning
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mosaic, most intense peak
G430 im 185 5MPa

5 MPa 100 MPa
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intra-grain
variations
of epsilon  
at 5 MPa
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variations
of epsilon 
between 5
and 100 MPa without compensation of initial strain field

with point by point compensation

xx (0.2)
0.16 à 0.2
yy (-0.1)
0 à -0.02
yz (-0.1)
-0.16 à -0.18
ij (0.0)
yz : 0.07 à 0.15
xz : -0.08
xy : 0 à -0.04

d(eps) 
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Monochromatic beam

measure energy of HKL peak

da/a = -(Eexp-Etheor)/Etheor

- white beam + geometry calibration with white beam
=> Etheor

- Epeak + calibration of Emono => Eexp

goal  :
- same geometry calibration between white and mono 

=> measure Eexp(Ge) 
- same position (< 0.5 mu) and beam size
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Escan peak
trajectory

xech

white beam map => mosaic

yech

scans with mono. beam

xech

yech

Monochromatic beam : alignment

(2 successive
Escans)
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Monochromatic beam :
detection of a known strain increment
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